A crossover study was designed to determine whether the fat and carbohydrate contents of evening meals consumed the night preceding glycaemic index (GI) testing had an effect on the GI. Twenty participants consumed two different evening meals in which the energy contributions from fat, carbohydrate and protein were in the ratio 50:30:15 and 25:60:15, respectively. Each participant completed eight tests that involved two evening meals with different macronutrient compositions followed the next morning by two treatments, glucose beverage or fruit bread, all carried out in duplicate. The GI of fruit bread was determined on the mornings following each of the evening meals. The GIs (95% CI) were 68 (60, 76) and 59 (52, 67) after the highcarbohydrate and high-fat meals, respectively, and were not different (P ¼ 0.11). Thus, varying the fat and carbohydrate contents of the evening meal before GI testing the next morning did not affect the GI.
The glycaemic index (GI) is a measure of the glycaemic response to a fixed amount of ingested carbohydrate with reference to a standard food, usually a glucose beverage. There is some evidence to suggest that choosing foods with a low GI is helpful in managing glycaemic control in type I and type II diabetes, and that low-GI diets may reduce the risk of several chronic diseases (Brand-Miller et al., 2003; Barclay et al., 2008; Jenkins et al., 2008; Wolever et al., 2008a) . However, the role for GI in the prevention and treatment of diseases is not entirely clear (Venn and Green, 2007) . Some of this lack of clarity may be due to methodological issues in that the reliability of GI is poor . The importance of having reliable GI values for continuing research is recognized (Atkinson et al., 2008) . To assist interlaboratory comparability, there are recommended procedures for preparing the participants. One recommendation is that each participant consumes a meal of choice the evening before the first test and repeats the same meal on all subsequent testing days (Brouns et al., 2005) . A minimum of three testing days is required to test GI, one for the food and two for the glucose reference beverage. If more than one food is being tested, the number of days increases, and hence the recommendation of having repeated evening meals adds to the participant's burden. It is possible that the fat and carbohydrate contents of an evening meal affect GI determination the following morning. Peak blood glucose concentrations to an oral glucose challenge were higher when the previous evening meal contained high fat compared with high carbohydrate (Robertson et al., 2002) . On the other hand, controlling the evening meal and activities compared with a less strict regimen resulted in postprandial glucose excursions after standardized breakfasts that were not different (Campbell et al., 2003) . Therefore, it is unclear as to whether repeating the evening meal is a necessary component of GI testing. The purpose of this study was to examine the effect of different evening meals on the GI of a single test food.
Twenty participants (10 women and 10 men) with a mean age of 22.8 years were recruited. Each participant completed eight tests that involved two evening meals with different macronutrient compositions followed by two morning test foods, all carried out in duplicate. The evening meals provided for the participants were fresh tortellini (General Mills, Auckland, New Zealand), mild cheddar cheese and sauce.
The sauce was tomato based for the high-carbohydrate meal (Berolli Five Brothers Summer tomato basil pasta sauce, Unilever Australia), and cream-based for the high fat meal (Frescarini Cabonara Grande-Fresh cream and Bacon, General Mills, New Zealand). The macronutrient compositions of the meals were read from the food labels. The energy contributions from fat, carbohydrate and protein were designed to be in the ratio of 50:30:15 (high fat) and 25:60:15 (high carbohydrate). The meals were isoenergetic and provided one-third of each persons estimated energy requirements (National Health and Medical Research Council, 2006) . Details of the meals are shown in Table 1 . The test order was randomized to each participant. On evenings before the tests, participants were instructed to avoid exercise and to consume the meal between 1800-2000 h, after which only water was permitted. On the test morning, participants arrived fasting. Testing occurred over 4 weeks with at least 2 days between each test. The University of Otago Human Ethics Committee approved the study and participants gave informed consent. Capillary blood samples were analysed using a HemoCue Glucose 201 Analyzer (Helsingborg, Sweden). A fasting blood glucose concentration was taken at baseline after which participants were given 300 ml glucose beverage or fruit bread with 300 ml of water. The foods were consumed over 15 min and blood samples taken at 15, 30, 45, 60, 90 and 120 min. The GI of fruit bread (Vogel's Fruit and Spice, Goodman Fielder, Auckland, New Zealand) was determined using duplicate incremental area under the blood glucose curve (iAUC) data for the fruit bread and glucose beverage, each containing 50 g available carbohydrate.
A mixed model using person as a random effect was used to analyse the data. This takes into account the correlated responses from each person for the iAUC measures and provides the correct standard errors. Data were log-transformed because the variance of the observations increased as their mean increased. The comparisons between the iAUC for glucose and fruit bread after the high-fat or high-carbohydrate meals are presented as ratios with 95% confidence intervals. GIs of the fruit bread after different evening meals are presented as means (95% CI). The data were analysed using STATA 10.0 (StataCorp, College Station, TX, USA).
The mean (range) of the postprandial iAUCs are shown in Table 2 . The ratios (95% CI) used to compare between iAUCs after different evening meals did not differ from 1; 1.15 (0.97, 1.36) and 0.91 (0.80, 1.03) for the fruit bread and glucose beverage, respectively. The mean within-person coefficients of variation (CVs) for duplicate iAUCs are shown in Table 2 and were not different among the four values (P ¼ 0.21).
The individual data points for the iAUCs and the GI for each participant are plotted in Figure 1 . The AUC data are ranked according to the mean response to the glucose beverage after the high-carbohydrate meals. For most people, the iAUCs after the high-fat or the high-carbohydrate meals overlap with no discernable pattern. The means (95% CI) for the GI of fruit bread after the high-carbohydrate and high-fat meals were 68 (60, 76) and 59 (52, 67), respectively, and were not different (P ¼ 0.11). The GI of fruit bread was also calculated using mixed AUC data (AUC fruit bread after highcarbohydrate meal /AUC glucose beverage after high-fat meal ), and vice versa. The mean (95% CI) GIs estimated from this analysis were 63 (53,74) and 64 (56,73) for the 'high carbohydrate/ high fat' and 'high fat/high carbohydrate' ratios, respectively. The GI values calculated using the four permutations shown in Figure 1c were not different (P ¼ 0.28).
In this study, varying the fat and carbohydrate contents of the evening meal before GI testing did not significantly Values for macronutrients are expressed as grams (% total energy). (95% CI) 22 (14, 30) 25 (18, 32) affect the glycaemic response or GI. Wolever et al. (2008b) found that meal restriction influenced the variability around GI, while not affecting the mean. Our data are consistent with this in that the mean GIs were not different after a highfat or a high-carbohydrate meal was consumed the evening before the GI test. Both meals were provided in our study, and hence we are unable to comment on whether meal restriction, compared with unrestricted meal choice, affects the variability of GI, although GI appeared to be stable using the mixed meal analysis. Moderate alcohol consumption the evening before testing has been found not to affect the GI (Godley et al., 2008) . This work suggests that it is not necessary to burden the participants with being overly prescriptive with the evening meals. In conclusion, it is reassuring that GI appears not to be unduly influenced by participants' eating and drinking behaviours on the evening before the test, factors that are largely outside the control of the investigators. Figure 1 Incremental blood glucose area under the curve (iAUC) over 2 h after consumption of a glucose beverage (a) or fruit bread (b), each containing 50 g of available carbohydrate. The symbols relate to the evening meal before the test (open circles, high fat; filled diamonds, high carbohydrate). The observations for each person are presented in ascending order of the mean iAUC response to the glucose beverage after a high-carbohydrate evening meal. All tests were carried out in duplicate. (c) Glycaemic index of fruit bread using combinations of iAUC data after high-fat and highcarbohydrate meals. The mid-placed horizontal bars represent the median and the outer bars the first and third centiles.
